Due to the challenges of maintaining serum levels in a safe therapeutic range (1-3 μM), Clozapine is one of the most promising medications for managing schizophrenia. Recently the barrier to the broader use of clozapine has been recognized to be the measurement of clozapine levels, which is however challenging due to the complexity of serum samples. The determination of clozapine is mainly conducted through a novel, simple, rapid and sensitive air assisted dispersive liquid-liquid microextraction based on solidification of organic droplet method that has been developed and validated by highperformance liquid chromatography with UV detection in human serum. In this method, due to the usage of an organic solvent with a low density and appropriate melting point, no microsyringe or fiber is required to support the organic microdrop. Furthermore, the extractant droplet can be collected easily by solidifying it at low temperature. 1-Undecanol was selected as extraction. The optimization of Parameters that influence extraction efficiency, i.e., volumes of extracting solvent, pH, and salt effect, were performed using a factor by factor approach. Enrichment factor for clozapine under optimal conditions was 128. The limit of detection was 1.34 ng/mL in serum sample. The proposed method was successfully applied to the determination of clozapine in serum samples of a person under clozapine therapy.
Introduction
The first "atypical antipsychotic" introduced in therapy was Clozapine (Clozaril or Leponex, 8-chloro-11-(4'-methyl)piperazine-5-H-dibenzo [b, e] [1, 4] -diazepine, Figure 1 ). It has been used for the treatment of acute schizophrenia and manic psychosis. Clozapine (CLO) is an effective agent especially efficacious in patients suffering from treatment-resistant schizophrenia [1, 2] . It is still the only antipsychotic agent with a significant reduction in all-cause mortality and suicidality [3, 4] . compared to other antipsychotic therapies, Patients with schizophrenia on CLO are significantly more likely to function independently and maintain employment [5] . It is a serotonergic (5-HT2) antagonist and a dopaminergic (D2) antagonist, with affinity also toward histamine, adrenergic and cholinergic receptors [6] . Regarding classical neuroleptics, Clozapine has some advantages; it causes a lower rate of extrapyramidal side effects [7] and hyper prolactinemia [8] , however it can cause severe agranulocytosis [9] . Cardiotoxicity, in the form of myocarditis and associated dilated cardiomyopathy, fatal agranulocytosis and toxic megacolon are significant adverse effects related to clozapine and can affect the utility of clozapine in the treatment of resistant schizophrenia, as these conditions may contribute to significant morbidity and mortality.
Therapeutic drug monitoring is a useful instrument for the clinical management of patients receiving a pharmacotherapy, particularly in psychiatry. For an optimal supervision of patient drug regimen, therapeutic drug monitoring antidepressants is necessary to avoid medical complications, intoxication, non-responsiveness or noncompliance. The general techniques for analyzing psychotropic drugs in different biological fluids are based on a combination of efficient separation method with a sensitive detection technique. At present, numerous separation techniques, including high-performance liquid chromatography (HPLC) [10] , gas chromatography (GC) [11, 12] and capillary electrophoresis (CE) [13, 14] , have been used for the analysis of psychotropic drugs. Among those methods, HPLC has been regarded as the most efficient and influential specific technique to some advantages including convenience, high separation ability and simple operation.
Because of the complex matrix of biological fluids and low concentrations of CLO in these samples, the extraction and preconcentration of CLO is the main challenge in the sample preparation step. In this regard, microextraction methods may be useful, with major trends toward simplification, miniaturization, and minimization of the organic solvents used. Typically, microextraction techniques are grouped into SPME and LPME. SPME is a powerful sample preparation method combining the microextraction and preconcentration of a solute in a single step [15] [16] [17] [18] . SPME has been applied mainly to the extraction of volatile and semivolatile compounds from various biological fluids by coupling the technique to GC [17] [18] [19] [20] . LPME, on the other hand, is a miniaturized version of LLE, in which a few drops of solvent suffice to concentrate chemical species from various samples rather than large volumes required in traditional LLE. It is compatible with capillary GC, CE, and HPLC [21] .
Among LPME methods, dispersive liquidliquid microextraction (DLLME) [22] succeeded in attracting considerable attention from researchers because of its fast, simple, and efficient extraction procedure, and direct injection of the extracted phase to various instruments. An appropriate mixture of extracting and disperser solvents is rapidly injected into a conical test tube containing aqueous solution, therefore, a cloudy solution is created. At this time, the analyte in the aqueous solution is extracted into fine droplets of extracting solvent. During centrifugation, the extracted phase will settle at the bottom of the tube, which will then be isolated. Up to now, DLLME has been successfully applied to the extraction of different families of organic and inorganic compounds from different matrices [23] [24] [25] , with several reviews being written on this issue [26] [27] [28] .
Despite the many advantages of DLLME, the high density of the extraction solvents is considered to be its main drawback. The solvents, being mostly halogenated, are generally dangerous for the laboratory personnel and sometimes are not compatible with RP-HPLC. Therefore, extraction solvents lighter than water were used in DLLME, adopting special designs such as narrow-neck glass tubes [29] etc., but complete removal of the collected phase was difficult or impossible in some cases. The other drawback of lighter extraction solvents is their exposure to air after performing DLLME, limiting the use of low-boiling-point solvents. DLLME-SFO, the new and novel method of liquid-liquid microextraction integrated with the solidification of a floating organic drop (DLLME-SFO) [30] has overcome the above mentioned drawbacks. It is based on an organic extractant that has lower density than water, but solidifies at near ambient temperature. After centrifugation, the test tube is made cool by inserting it into an ice bath. The enriched analyte in the floated solid phase is collected simply by a spatula and melted at room temperature; then, it is eventually determined by chromatography or spectrometry methods [31] .
Recently, new DLLME techniques have been introduced to eliminate dispersive solvents: air assisted (AA-DLLME), vortex assisted (VA-DLLME) and ultrasound assisted (US-DLLME). Recent literature reports the comparison between AA-DLLME, VA-DLLME and UA-DLLME [32] . Although AA-DLLME must be manually performed; it demonstrates lower centrifugation time, less analysis time without relevant differences in enrichment factor and recovery.
The aim of present study is to develop AA-DLLME-SFO as a fast, simple, precise, and reliable method for determination of CLO in human serum sample. After extraction of CLO from human serum sample under optimized conditions, the extracted phase was directly injected into HPLC-UV for analysis.
Experimental

Chemicals and reagents
Pure standard powder of CLO was kindly provided by TEMAD (Tehran, Iran). Sodium chloride, sodium dihydrogen phosphate, boric acid, sodium hydroxide, ethanol, acetonitrile, methanol (HPLC grade), 1-undecanol, and 1dodecanol were purchased from Merck (Darmstadt, Germany). The ultrapure water (six times distilled) was purchased from Shahid Ghazi Pharmaceuticals (Tabriz, Iran). Working solution of CLO was prepared daily in ultrapure water.
Working solution of CLO was prepared daily in ultrapure water. Blank human serum samples (drug free) were provided by healthy volunteers in our lab (as match matrices for drawing the calibration curves). Human serum samples were taken from a young man who was under CLO treatment and stored in polypropylene tubes at −2 °C before use. All solutions and frozen biological samples were thawed at ambient temperature before use.
Instrumentation and chromatographic conditions
The HPLC system (Shimadzu, Kyoto, Japan) included two pumps (LC-10AD), a column oven (CTO-10A), UV-Vis spectrophotometer detector (SPD-10AD) operated at wave-length of 254 nm, degasser (DGU-3A), and data processor (C-R4A) all from Shimadzu. Chromatographic separation was obtained using a Shim-pack CLC-ODS analytical column (150 mm × 4.6 mm id), which was packed with 5 µm particles and a Shim-pack G-ODS guard column (1 cm × 4.0 mm id, 5 m particle size) with a mobile phase consisting of acetonitrile/phosphate buffer (40:60, v/v), adjusted to pH 3.5 with phosphate buffer (0.1 M). The temperature of column oven was set at 31 °C, as was optimized in the previous work [33] . Short retention times result in sharper and more symmetric peaks, and provide better resolution, which are some of the benefits of the use of elevated temperatures. The mobile phase was filtered, degassed, and then pumped to the column at a flow rate of 1.5 mL/min with a backpressure of 150 kg/cm 2 . Extracted sample solutions including CLO were injected to the column under the above conditions. The column was washed with a stream of methanol at a flow rate of 0.5 mL/min after each experiment. PH measurements were performed using a Jenway 3345 Model pH meter with a combined glass electrode.
Sample preparation
Removal of proteins from serum samples
According to the method of Han et al., [34] , 1 mL of human serum sample was placed in a glass tube and a mixture (0.9 mL) of 15% w/v zinc sulfate solution/acetonitrile was added. The glass tube was vortexed for 20 min, then maintained at 4 °C for 15 min followed by a centrifugation at 4000 rpm for 5 min. The supernatant was then collected in a sample tube and diluted to 5 mL using pure water. The final solution was then subjected to AA-DLLME-SFO procedure.
AA-DLLME-SFO procedure
To the prepared human serum sample in a 15 mL centrifuge tube which contained CLO (5.0 mL) in acetate buffer (0.1 M, pH 4), extraction solvent (1-undecanol, 40 µL) was injected immediately using a syringe (gastight, Hamilton, Reno, NV, USA). To form a cloudy solution, the mixture was rapidly pulled into a 10 mL glass syringe from the tube with a little air and then pushed out into it (repeated eight times) via syringe needle. A cloudy mixture was created with dispersion of fine organic droplets into the bulk sample solution. At this step, CLO molecules were extracted into 1-undecanol in a few seconds. After centrifugation at 5000 rpm for 5 min, because of the low density of the droplets, the tiny organic droplets were floating at the top of the glass tube. To solidify the floating organic droplets which had an m.p. of 19 °C, the glass tube was then cooled in an ice bath for 5 min. The solidified droplets were easily transferred to a conical vial using a small spatula in which it melted rapidly at room temperature. Subsequently, the extractant was injected into HPLC-UV system for analysis.
Optimization of AA-DLLME-SFO procedure
Several experimental parameters affecting the extraction of CLO from human serum, like the type and volume of extraction solvents, the number of extraction cycle, pH, and ionic strength, were assessed to optimize the AA-DLLME-SFO process. The optimization procedure was done by recording the chromatographic peak area for the samples spiked with CLO under different experimental conditions. Based on preoptimization results of the extraction parameters, the effect of each parameter was investigated using factor by factor approach, i.e., one parameter differed while the other parameters were fixed at the preselected values. Some of the important features of AA-DLLME-SFO at optimized conditions were evaluated based on the following definitions.
The EF was defined as the ratio between the solute concentration in the floated phase (Cflo) and its initial concentration (C0) within the sample,
EF =Cflo/Co
(1)
The extraction recovery (ER %) was defined as the ratio between the number of moles of the solute in the floating phase (nflo) and initial amount (no) within the sample,
ER%=
× 100 = × 100
Where Vflo and Vsample are the volumes of the floating phase and sample, respectively. The relative recovery (RR%) was obtained from the following equation:
Where Cfound, Creal, and Cadded are the total concentration of the solute after the addition of a known amount of standard to real sample, the original concentration of solute in real sample, and concentration of the standard solution, which was spiked to the real sample, respectively.
Results and Discussion
Selection of the extraction solvent and its volume
Choosing the most appropriate extraction solvent is of primary importance for obtaining good extractability and selectivity of the target analytes in LLEs. In AA-DLLME-SFO, some special factors should be considered: the extraction solvent should have a melting point below room temperature, with lower density compared to water (for solidification and floating). Therefore, 1-undecanol and 1dodecanol and hexadecane were examined, which are the three most perfect organic solvents that have the above-mentioned qualities and have been used in SFO procedure. Among these, the highest extraction recovery (ER%) for CLO was obtained by 1-undecanol ( Figure 2 ). Therefore, 1-undecanol (m.p. 19 °C) was selected as the proper extraction solvent.
Various volumes of 1-undecanol were tested during the optimization (40, 50, 60, 70, 80, 100, 120 µL). Results indicated the decrease of the peak area with the increase of the 1-undecanol volume. It was discovered that with increase in the volume of 1undecanol from 40 to 100 µL, the volume of the floated phase increased from about 35 to 95 µL. The highest ER% was obtained with 40 µL of the extraction solvent and decreased with volumes >40 µL (Figure 3) . Poor reproducibility and difficulty in handling small volumes of solidified extractant limited the use of volumes <40 µL of 1-undecanol. Therefore, 40 µL was chosen as the optimum volume of 1-undecanol as the extraction solvent for CLO in AA-DLLME-SFO procedure.
Effect of the number of extraction cycle
For the proposed method, the number of extraction was defined as the number of repeatedly sucking extraction solvent and sample solution mixture into a 10 mL glass syringe and then its injecting into the test tube. It is predictable that recoveries increase by increasing the number of extraction cycles. Ten extractions cycles was investigated. The peak areas of the analytes increased up till eight extraction cycles then a plateau was observed. Moreover by increasing the number of extraction the repeatability improved, yet in case of extraction cycles higher than eight the repeatability decreased. Hence, eight extraction cycles were selected as optimum for the AA-DLLME-SFO, it was noted that this step was performed in less than 1 min.
Effect of pH
The effect of pH on the extraction efficiency of AA-DLLME-SFO was evaluated within the range of 2-11 for the preconcentration of CLO. Three buffers were used for covering the whole pH range, namely, acetate buffer (pH 2-5), phosphate buffer (pH 6-8), and ammonia buffer (pH 8-10). The highest ER for CLO had seen at pH 4 and 8 which is near two pKa of CLO (3.7, 7.6) . Generally aqueous solution should be sufficiently acidic or basic to keep the analyte in its neutral form. The positive or negative ion is less extractable to 1-undecanol than neutral CLO. Based on figure 4 the pH value of 4 was chosen as the optimum pH for extraction of CLO by AA-DLLME-SFO.
Salt effect and extraction time
To study the salt effect, AA-DLLME-SFO experiments were conducted at different NaCl concentrations, ranging from 0 to 5% w/v. The chromatographic peak area for CLO (1000 µg/L) was almost without change in the presence of NaCl concentrations up to 1% w/v. Higher concentrations of NaCl caused the decrease in the extraction efficiency of CLO (not shown), which may be due to increased viscosity of the sample solution, thus restraining CLO transport to the extraction solvent. Consequently, the addition of salt was not advantageous in the present work. In DLLME techniques, the equilibrium state is quickly achieved, because of the fast dispersing of the extraction solvent in all of the samples, thus, the equilibration time is not a critical factor. Therefore, the interval between the time immediately after the injection of extraction solvent and the time before the centrifugation step is optimized as the extraction time. The effect of the extraction time was investigated in the range of 0.5-20 min, and the results showed that there was no significant difference in peak areas of CLO at different extraction times. Therefore, a centrifugation step was conducted a few seconds after injection process.
Analytical characteristics of the method
The performance of AA-DLLME-SFO-HPLC-UV method was evaluated (Table 1) . Precision, EF, ER, linear dynamic range, correlation coefficient (R 2 ), and LOD were calculated. A series of 12 concentration levels of CLO were prepared (in serum samples) to establish and obtain the calibration curve. Three replicate extraction experiments at each concentration level were conducted. For the calibration curves in serum samples, high R 2 values were obtained (>0.99), which confirmed the adequate linearity. LODs of the method in serum samples were determined based on the concentration of CLO, which produced chromatographic peaks with S/N of 3. The wide linear ranges (4-2000 ng/mL) and very low LODs of the method are advantageous for CLO analysis in biological fluids. The repeatability was studied by performing five parallel replicate extractions (at concentration of 100 µg/L) under the optimized conditions. The resultant repeatability expressed as RSD% was <6.6%. A comparison was made between AA-DLLME-SFO-HPLC-UV with some of the similar published methods for CLO extraction and determination ( Table 2 ). The proposed method in serum matrices has wide linearity ranges and the lowest LOD among the reported methods. Therefore, it can be used for the isolation and determination of trace amounts of CLO in complex biological fluids.
Real sample analysis
The performance and applicability of AA-DLLME-SFO for the extraction and subsequent determination of CLO by HPLC-UV were examined by spiking CLO standard solutions into serum samples from a person under treatment of CLO (concentrations of spiked CLO in samples were 200 µg/L). The serum samples were subjected to the proposed procedure of AA-DLLME-SFO (three replicate measurements for each blood serum sample). To validate the method two different concentrations of CLO were added to the actual serum samples and the recommended procedure was applied.
The results of RR and the concentrations obtained are included in Table 3 . Figure 5 shows typical chromatograms in which blank serum samples showed no distinguishable chromatographic peak at about 5 min ( Figure 5A) . The presence of CLO in the samples from a person consumed CLO ( Figure 5B ) showed the characteristic peak of the drug at about5.1 min. The increased peak height (and peak area) correlates very well with the increasing amount of CLO in the sample ( Figure 5C ). These results confirmed that the biological matrices in our present context had no significant effect on AA-DLLME-SFO-HPLC-UV for the determination of CLO. 
Conclusion
In the present study, AA-DLLME-SFO, as a sample and novel pretreatment technique, was coupled to HPLC-UV method for the quantification of clozapine in serum samples. A low-density and low-toxicity organic solvent (1-undecanol) was utilized as extraction solvent and the extractant droplets were collected easily as supernatant by solidifying at 19 °C. Furthermore, the SFO solvent facilitated the phase separation. The method was simple, rapid, and reproducible. The calibration plot was linear over a wide concentration range of clozapine with a very low LOD of 1.3 ng/mL. The established method was applied to the determination of low concentrations of clozapine in real serum samples. The experimental results revealed that AA-DLLME-SFO-HPLC-UV provides good accuracy and precision for the determination of low concentration levels of clozapine within a short analysis time.
